Concentrations of cations and anions of major elements (Na + , Ca 2+ , Mg 2+ , K + , Cl -, SO4 2-) were analyzed in the pore water of a mangrove habitat. Site specific major element concentrations were identified along a four piezometric well transect, which were placed in distinct geobotanic facies. Evapotranspiration was evident in the apicum station, given the high salinity and major element concentrations. The station landward of an apicum was where major element/Cl − ratios standard deviations are greatest, suggesting intense in situ diagenesis. Molar ratios in the most continental station (4) are significantly lower than the nearby freshwater source, indicating a strong influence of sea water flux into the outer reaches of the mangrove ecosystem and encroaching on the Atlantic rain forest. Indeed, the SO4 
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INTRODUCTION
Fluid inclusions are used regularly to gain insight on composition of wetland pore water in a wide range of geological environments (SHEPHERD et al., 2000) , including mangrove ecosystems (Ridd and Stieglitz, 2002 ) may be brought about by diagenetic reactions in mangrove ecosystems, where fresh water and sea water interact (SILVA-FILHO et al., 2009 ). Such geochemical reactions may be heightened in tropical coastal systems where mangrove forests may increase salinity of shallow pore water through extensive evapotranspiration, as salinity commonly increases beyond sea water values (MCGOWAN; MARTIN, 2007) . The relationships between submarine groundwater discharge, relative sea level rise and diagenetic reactions in coastal wetlands have been documented (MOORE, 1999; SILVA-FILHO et al., 2009; SOTO-JIMÉNEZ; PÁEZ-OSUNA, 2010) . Major element concentrations of cations and anions may be used to indicate the mixing among water masses and water source.
As chloride is conservative in most diagenetic and biological reactions, the ratio of this element with other solutes, e.g., major element/Cl − ratios, may be used to define subtle changes in water composition, indicative of a changing source (RAO et al., 2009 ). The aim of this manuscript is to evaluate the ability of major element/Cl-ratios in pore water along a transection within mangrove zones, indicative of source. We propose the use of major element/Clratios in pore water, directly influenced by specific geochemical processes taking place within a zone where fresh pore water and sea water interact.
STUDY AREA Sepetiba Bay is being located at longitude 44°W; latitude 23°S, near Rio de Janeiro, city (Fig. 1) 
MATERIAL AND METHODS
The study area is located in Brisa Beach, Environmental Protected Area of Sepetiba Bay, Brazil (Fig. 1) . To determine the processes associated with dissolved major element/Cl-ratios, yearlong sampling was undertaken in wells along a four station mangrove transect. The four sampling stations were across differing mangrove zones: (1) lower tidal flat, characterized by external mangrove vegetation (i.e. at the edge of the coast, lined with Spartina spp. and Rhizophora spp.) (2) upper tidal flat, characterized by a hypersaline, unvegetaded apicum zone, (3) internal mangrove, mainly composed of Avicenia spp, near the spring high tide limit and (4) inland zone, characterized by a grass plain followed by Avicenia spp. The horizontal distances between stations were 30 m. Fresh river water and sea water were also collected near the study site throughout the year and analyzed in the same batch as the samples taken from the wells.
Water samples were collected at each station from piezometers wells between January an December of 2003. The PVC piezometric wells were covered by the 63 µm membrane, to prevent suspended material from entering the wells, and inserted to a two meter depth. The water samples were collected from the piezometric wells using 3 m long tubes and syringes to extract the pore water. The pH values were determined using a OAKTON probe. Salinity was determined during each field trip with hand-held YSI sensor. The samples were filtered in situ onto a 45 µm filter (GFC glass fiber) and were stored in 60 ml polyethylene bottles, transported to the laboratory in a cool box and stored at fridge temperature (4°C) until analyses. The major element concentrations were determined by an ionic chromatography (SHIMADZU LC-10AD). Precision was determined by measuring a standard after every tenth sample and assessed by calculating the coefficient of variation (standard deviation divided by the average value). The coefficients of the variation were ~1% for Na + and Mg 2+ and ~2% for K + , and Ca 2+ concentrations.
RESULTS
To define the study area of this work as a mixing zone, a fresh water endmember was established by taking river samples. As sea water values vary little, multiple sampling was deemed unnecessary. The endmember results represent the perspective extreme values of the water masses coming into contact within the region where fresh pore water and sea water meet.
The endmember concentrations measured in this study were in agreement with local fresh water and sea water values (Tables 1 and 2 (Fig. 2) . In terms of the year long sampling, the major element/Cl − ratio averages varied greatest in station 3, excluding SO 4 2-/Cl − in station 4 ( Table 2 ). As mentioned above, station 2 showed the highest salinities, increasing up to twice to that of sea water.
DISCUSSION
The major element concentrations and element/Cl − ratios found along the intertidal gradient are comparable to the values found in Silva-Filho et al., (2009) 2-) show differing distribution gradients, having site specific elemental signatures significantly influenced by salinity (Fig. 2) . The high salinities and major element concentrations found in station 2 correspond to the the open areas within the apicum, suggesting active evapotranspiration in this intertidal region of the mangrove ecosystem. From the molar ratios and concentrations measured in the four stations along the year, are for the most part, considerably lower than values found in nearby river water (Table 1 and 2). Considering the ocean water endmember, these values indicate a strong influence of sea water flux into the mangrove ecosystem pore water, even in the outer limits of the tidal flat where salinity is relatively low. The relatively high salinity in the pore water from within the intertidal region, specifically in station 2, and levels of major element concentrations of cations and anions (Na The site specific salinity variations indicate a differing sea water intensity within the pore water of each zone, likely triggering geochemical processes along this intertidal system. The high salinities in station 2 demonstrate that some of the saline water is stagnant and exposed to evapotranspiration. To determine the mass fluxes associated to specific major element concentratiaons, it is important to understand the mechanisms that could alter the composition of the pore water, likely discharging into the Sepetiba Bay as recirculating groundwater (MOORE, 2008) . This is because geochemical processes within this mixing zone may alter the pore water composition (SANTOS et al., 2008) , which is of interest, particularly because pore water discharge to Sepetiba Bay has been reported to be considerably high (SMOAK et al., 2006) . Besides salinity, sea water pH may also play a role in the cation and anion concentrations in the stations of this study (Table 1) (MCGOWAN; MARTIN, 2007) . Given the relationship between cation and anion concentrations, there appears to be no relation between major element/Cl − ratios and salinity (Fig. 2) . Plots of the major element/Cl − ratios indicate that the four sites are directly influenced by the geochemical reactions of sea water intrusion, even beyond the outer limits of the tidal flat.
Station 3 is located in an area with the lowest mean saltwater concentration and is the site with the greatest major element/Cl− standard deviations, varying significantly throughout the year. The concentrations and molar ratios variations along the year probably reflect intense in situ diagenesis brought about through tidal pumping and/or local sea level rise, as station 3 is likely on the front where fresh pore water and sea water mix, as indicated by the oscillating low salinities. (Fig. 2 The assumptions made is this work are supported by studies indicating that Sepetiba Bay is influenced by large ground water discharge (SMOAK et al., 2006) , deterimened from Ra mass balance calculations, as well undergoing a relative rising sea level (SANDERS et al., 2008; PATCHINEELAM, 1999) , as indicated through sediment accumulation rates in nearby mangrove forests. As mangrove forests are migrating inland near the study site of this work, studies have indicated sea water intrusion into mangrove forests during the previous decade (SOARES et al, 2000; SOARES, 2011) . While mangrove forest migration indicates relative sea level rise in Sepetiba Bay, the data in this study demonstrates some of the bellow ground geochemical processes associated to salt water intrusion in mangrove pore water. As there is a lack of studies dealing with pore water geochemistry in mangrove habitats, there is a limited amount of literature available for comparative purposes. The results of this study provide an outline for future studies on some of the geochemical processes controlling pore water chemistry in (sub) tropical coastal wetlands where mangroves are prevalent.
CONCLUSION
Considering the river water and ocean water endmembers, the element/Cl − ratios are indicative of sea water flow into the mangrove pore water, even beyond the outer limits of the tidal flat. 
